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INTRODUCTION

There are two interesting phenomena associated with the periodic molting and
the cycles of sexual functioning in crayfishes that have not been studied in detail.

One of these interesting events is the delay in the spring molt of egg-carrying fe-

males until after the eggs hatch and the young crayfish leave the female
;
the other

concerns the changes in the secondary sex characters in the male crayfish at the time

of molt (Scudamore, 1942b). This investigation describes some of the factors in-

fluencing these two phenomena in the life cycle of the crayfish.
The delay in the spring molt of egg-carrying females has been observed by Van

Deventer (1937), Tack (1941) and others. According to Tack (1941) the spring
molt of males and non-reproducing females of the crayfish, Cambarus immunis,
occurs about the middle of April in south central New York with most of the cray-
fish molting within the period of a few weeks. However, the females, which are

carrying eggs at this time, do not molt until five or six weeks later. The repro-

ducing females deposit their eggs in the fall shortly after mating and carry their

eggs, attached to their abdominal pleopods, all winter. The eggs hatch about mid-

May and the young remain dependent upon the female for a week or longer, while

undergoing their first two molts. The egg-bearing female molts a few days after

the young leave her pleopods.
The spring-molting period of males and non-reproducing females of the crayfish,

Cambarus propinqnns, also begins about the middle of April in central Illinois and

lasts about three weeks (Van Deventer, 1937). However, the reproducing females

do not deposit their eggs until early April. The eggs hatch about the middle of

May and the young remain dependent for approximately another week. The egg-

bearing females do not molt until late May or early June which is at least three

weeks after the male spring-molting period.
This delay in molt of egg-bearing females is a protective adaptation, because

molting earlier would result in the death of all the embryos. The mechanism pro-

ducing this lag in the spring molt of ovigerous females has not been explained ade-

quately. However, Hess (1941) reported a delay in molting of the seeded female

shrimp, Crangon armillatus, as compared to non-seeded females. He also observed

that removal of the embryos from seeded females shortened the period between molts

and concluded that the factor, which inhibited molting, was apparently dependent

upon attachment of the embryos to the female.

1 The author wishes to acknowledge the constructive criticisms and encouragement offered

by Dr. Frank A. Brown, Jr., during the course of this investigation and to express his sincere

appreciation to Dr. C. L. Turner for the use of unpublished field data.
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The male secondary sex characters studied were the first pair of abdominal

pleopods which are modified as gonopods for. the transfer of spermatozoa to the

annulus ventralis of the female during copulation. These gonopods have been de-

scribed sufficiently by Turner (1926), Van Deventer (1937), Tack (1941) and

others. Male crayfish are classified as Form I, II or "juvenile" on the basis of the

morphology and function of the gonopods. Mature males with sexually-functioning

gonopods are designated as Form I, and those with non-functioning gonopods, as

Form II
;
immature males with non-functioning gonopods are classified as "juve-

nile." Most mature males change from Form I to Form II at the spring molt and

revert to Form I during the summer molt in time to function during the fall mating
season, remaining in Form I until the following spring. No satisfactory explanation
of these changes in sexual form has been noted in the literature.

It is possible that sex hormones are involved in the delay of the spring molt of

egg-carrying females and in the changes of sexual form of the male gonopods at the

time of molting. However, there is no conclusive evidence for the presence of sex

hormones in the crustaceans. As pointed out by Brown (1944) most of the proof
for the presence of sex hormones is based on indirect results such as parasitic castra-

tion, radiation and regeneration experiments.

MATERIALS AND METHODS

Most of the laboratory experiments and some field observations were made on

the crayfish, Cambarus immunis Hagen ; but a few observations were made on C.

propinquus Girard. The stock animals were kept in lead-lined tanks supplied with

running tap water and were offered chopped earthworm or liver as food. The

experimental crayfish were placed in individual finger bowls which were frequently
refilled with fresh tap water and maintained at room temperature.

The eyestalks were removed by excising through the basal membrane with a

sharp, pointed scalpel and coagulating the open wound with an electric cautery to

control hemorrhage. Evidence of an approaching molt was obtained by sacrificing

an animal and examining the anterior wall of the stomach for the presence of gastro-

liths. The pair of gastroliths were dried in an oven at 100 C. for 24 hours and

weighed to determine gastrolith size. The carapace lengths were measured from

the posterior margin of the cephalothorax to the tip of the rostrum.

The technique of inducing gastrolith formation and molting by removal of both

eyestalks, developed by Brown and Cunningham (1939), Kyer (1942), Scudamore

(1942a, 1947) and others, permitted (1) a study of secondary sex changes in male

crayfish during winter molts induced by eyestalk removal as well as during normal

spring and summer molts and (2) an investigation of the role of the eyestalks (sinus

glands) upon molting in egg-carrying female crayfish.

FIELD OBSERVATIONS

Collections of C. propinquus,
2 made from a single locality during the spring and

summer, illustrate the phenomena of the delay in the spring molt of egg-bearing
females and the changes in sexual form of males (Table 1). On March 27th an

ice jam had flooded a stream flat and, when the water receded, great numbers of

2 From the unpublished records of collections made by Dr. C. L. Turner in 1921 from Turtle

Creek, Rock County, Wisconsin.
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crayfishes remained on the flat, either dead or in a dormant condition. All the

males were Form I and had hard, calcareous exoskeletons. None of the females
were bearing eggs. In this particular collection there were more females than
males. According to Van Deventer (1937) males slightly exceed the females in

number and, during the egg-bearing period, greatly out-number the females in the

active population.

TABLE 1

Summary of molting and changes in the sexual cycles of the crayfish, C. propinquus,
as observed in random field collections
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left the females altogether. Many of the females were soft-shelled as a result of a

recent molt following escape of their young, and nearly all of the exuvia lying in

the shallow water were those of females that had carried eggs.

By July 6th most of the egg-bearing females had molted and some of the males

had completed their second or summer molt. In late July and early August most of

the males collected were Form I, indicating that the summer molt was completed.
Some of the females apparently had undergone a second molt at this time and be-

come sexually functional. In contrast to this observation, Van Deventer (1937)

reported that adult females, which have borne eggs during the spring, undergo only
a single molt.

Although it is difficult to delineate accurately the various events because of the

length of time between collections, certain generalizations may be made regarding
the life cycle of C. propinqitus in southern Wisconsin. (1) Reproducing females

deposit their eggs in early April and carry their eggs until the middle of May.
The eggs hatch about mid-May and the young remain attached to the female for

several days. (2) The spring-molting period of males and non-reproducing fe-

males begins after May 1st with many animals molting by May 13th and the re-

mainder before June 3rd. (3) The spring molt of egg-carrying females, which is

delayed until after the young have left the female, occurs during the month of June
or about three weeks after the male spring molt. (4) The second or summer molt

of most mature males and at least some females takes place during July and early

August. (5) Most mature males change from Form I to Form II during the spring

molt and from Form II to Form I during the summer molt.

MOLTING IN EGG-CARRYING FEMALES

In order to determine the role of attachment of the eggs to the swimmerets in

delaying molt, a number of egg-bearing female crayfish, C. propinquus, were placed
in a large aquarium, closely simulating the natural environment, during the spring-

molting period of males and non-reproducing females. The eggs were then removed

from one group of females. Both those with eggs attached and those with eggs
removed were given access to an abundant food supply. The egg-carrying females

remained in their hiding places beneath stones in the aquarium, waving the mass of

eggs attached to their swimmerets but not feeding. On the other hand, the cray-

fish, from which the eggs had been removed, soon began to move about freely, fed

activelv and molted within one or two weeks.
/

In experiments performed during the winter of 1941-42, twenty normal egg-

carrying female crayfish, C. inimitnis, were placed in individual finger bowls and all

of the eggs removed from the pleopods of ten of them; both eyestalks were extir-

pated from another group of twenty egg-bearing females, and the eggs removed from

ten of these animals. The crayfish from each of the four groups were sacrificed

(or died) and examined for the presence of gastroliths at various intervals of time.

One eyestalkless crayfish in each group died of operative injury before sufficient

time had elapsed for gastroliths to form (Scudamore, 1947) and so were not in-

cluded in tabulating the results.

Only three of the normal egg-carrying crayfish were found to contain very small

gastroliths and none molted (Table 2), even though these animals were observed

for a period nearly three times longer than the eyestalkless crayfish (Table 3) . The
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experimental period was long enough to permit gastrolith formation and molting
when compared to normal pre-molt periods (Scudamore, 1947). Minute gastro-
liths have been observed in other normal crayfish during the winter, but their

exact significance is not known. There was no essential difference in the results

whether the eggs were removed or not. This experiment demonstrated that the

mere removal of the eggs from the normal crayfish does not induce molting in a

non-molting season.

TABLE 2

Influence of removing the eggs from the pleopods of normal egg-carrying female crayfish,
C. immunis, upon gastrolith formation and molting from December to February

Number of animals

Average duration of experiment (days)
Number with gastroliths

Average weight of both gastroliths (mgm.)
Number molted

Average carapace length (mm.)

TABLE 3

Carrying eggs

10

34.5

2

0.25

30.6

Eggs removed

10

39.8

1

0.06

28.5

Effect of bilateral eyestalk extirpation upon gastrolith formation and molting of

egg-carrying female crayfish, C. immunis, from December to February

Number of animals

Average duration of experiment (days)
Number with gastroliths

Average weight of both gastroliths (mgm.)
Number molted

Average carapace length (mm.)

Carrying eggs

9

12.7

9

44.80

1

28.6

Eggs removed

9

15.2

9

54.19

2

27.8

All of the eyestalkless crayfish had formed large gastroliths in 5-19 days after

eyestalk removal and three of them had molted between 15 and 17 days after opera-
tion, even though winter is normally not a molting season (Table 3). The removal

of the eyestalks resulted in gastrolith formation or molting whether the eggs were

present or not. Although there was considerable individual variation, there was
no significant difference in the rate of gastrolith formation in the two groups of

eyestalkless crayfish (Table 4). The inhibition of molt seemed to be dependent

upon both the presence of the eyestalks (sinus glands) and the attachment of the

eggs to the pleopods of the female and not simply the attachment of the embryos
to the female as concluded by Hess (1941).

Although the evidence suggests that the sinus gland molt-inhibiting hormone is

responsible for the delay in the spring molt of egg-bearing female crayfish, there are

a number of possible factors that may operate in maintaining the sinus gland activity

until after the eggs hatch and the young leave the female, namely : hormonal, meta-

bolic or nervous factors.

A female sex hormone elaborated in the ovaries or other tissues may cooperate
with the sinus gland activity in the delay of molt. However, the lack of histological

or experimental evidence for such glandular tissue (Brown, 1944) weakens this

hypothesis. In this connection Turner (1935) reached the conclusion, on the basis
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of morphological studies, that the complete development of the annulus ventralis,

a female secondary sex character, depends upon some ovarian tissue and the total

absence of any testicular tissue. Yonge (1937) reported a cycle of histological

changes in the oviducal epithelium and of secretion from the "cement" glands of

the pleopods associated with egg-laying and attachment of the eggs to the pleopods
of the lobster and suggested that, in the absence of nervous connections to the epi-

thelium or the glands, the cycle of changes seemed to be controlled by hormones.

TABLE 4

Rate of gastrolith formation in eyestalkless egg-carrying female crayfish, C. immunis, during the winter

Day after eyestalk
removal
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mentation is needed to establish the exact mechanism involved in the delay of the

spring molt of egg-carrying females.

MOLTING AND THE SEXUAL CYCLE OF MALES

The cycle of changes in sexual form of the first pair of abdominal appendages is

illustrated by observations on molting in a single male crayfish, C. immunis, be-

tween April and September. This crayfish changed from Form I to Form II at

the first or spring molt on May 15th and changed from Form II to Form I at the

second or summer molt on July 15th.

In order to study the changes in sexual form of crayfish during the fall and

winter, observations were made of changes in sexual form following molting of

mature crayfish, C. immunis, induced by bilateral eyestalk extirpation and these

changes were compared with those occurring at normal spring and summer molts.

As shown in Table 5, all the crayfish became Form II after the artificially induced

winter molts whether they were Form I or II before molt. The normal crayfishes

changed from Form I to Form II at the spring molt and from Form II to Form I

at the summer molt.. Enough Form II males for this winter experiment were ob-

tained by selection from a large number of animals, because most of the males were

Form I.

TABLE 5

Changes in sexual form of mature male crayfish, C. immunis, at the time of molt

Period
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that variations in the amount of a male sex hormone, produced in the testes or other

body tissues, are responsible for the changes in sexual form of the male gonopods at

the time of molt. The cyclical release of such a hormone could be influenced by
other internal or by environmental factors. The greatest weakness of this hy-

pothesis is the lack of conclusive histological or experimental evidence for the pres-
ence of secretory cells within the testes. On the basis of morphological studies of

the crayfish, Turner (1935) has considered that the development of aberrant sec-

ondary sex characters is largely dependent upon genetic rather than hormonal fac-

tors. However, the seasonal changes from Form I to Form II and the reverse

obviously are not controlled genetically, since they occur in a single individual.

MOLTING
PERIODS

FORM II

FORM I

COPULATION

TESTIS ACTIVITY
LARGE

MEDIUM

SMALL

ANIMAL ACTIVITY

J F M A MJJASOND
~~i 1 1 1 i

1 1 i 1 \ i

SPRING SUMMER

1 _!_ _1_

F M A M J J A
MONTH

SOND
FIGURE 1. Diagram of certain phases in the life cycle of the mature male crayfish, C.

hnmimis, demonstrating the relationship of molting periods, duration of and time of change to

each male sexual form, period of copulation, periods of animal activity, and cycle of changes in

testis size and spermatogenic activity. The curve of testis activity is based on the results of

Fasten (1914). The solid lines (- -) represent periods of predominant occurrence; broken
lines (- -), periods of occasional occurrence.

Proof for the existence of male, as well as of female, sex hormones must await

histological evidence of secretory cells in the gonads or other tissues and the estab-

lishment of definite endocrine functions of these gland cells by surgical extirpation,

implantation and injection of specific gland substances. However, observation and

experimentation investigating the seasonal changes in the male gonopods represents
a promising method for studying the problem of the existence of male hormones in

crustaceans a problem which is far from satisfactorily settled at this time.

SUMMARY

1. The phenomena of the delay in spring molt of egg-carrying females and of

the changes in sexual form of males at the time of molt are described and illustrated

by field observations on the crayfish, C. propinqnns.
2. Removal of the eggs from the pleopods of egg-bearing females, C. propinquus,

during the male spring-molting period results in an earlier onset of molting.
3. The delay in the spring molt of egg-carrying female crayfish, C. immums and

C. propinquus, is regulated by the action of the molt-inhibiting hormone of the sinus

glands.
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4. Various factors, that may operate to maintain the sinus gland activity until

after the eggs hatch and the young leave the female, are discussed.

5. The changes in sexual form of male crayfish, C. immunis, at the time of

spring and summer molts, and during winter molts induced by eyestalk extirpation
are described.

6. Evidence is presented supporting an hypothesis that a male sex hormone,
elaborated in the testes or other tissues, may regulate the cycle of changes in sexual

form at the time of molt.
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